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Investigation of the role of diminishing surface area on friction-based tactile discrimination 
of textures 
 
G. Chimata and C.J. Schwartz* 
Department of Mechanical Engineering 
Iowa State University, Ames, Iowa, USA 
Abstract 
The ability to discriminate among various tactual elements is crucial to any tactile communication 
system, such as in assistive technology for those with visual impairment. In previous work, the 
authors investigated the ability to differentiate textures having a large surface area. In the current 
work, the objective was to determine how diminishing surface area affects perception, and the 
extent to which limited area inhibits with the friction-based perception. A perception study in 
combination with friction measurement was performed to address this issue. Circular texture 
samples consisting of abrasive papers of P800, P1200 and P2500 grit, respectively, of three 
different sizes, 38.1 mm, 9.5 mm and 3.2 mm, were used as stimuli. Same size samples were 
presented in pairwise combinations to determine the mean probabilities of differentiation for an 
abrasive paper pair at different sizes. Results from the perception measurement indicated that 
decreasing size of the texture sample resulted in a decrease in the ability to both reliably 
differentiate different-grit abrasive pairs and reliably identify same-grit abrasive pairs. Finger 
friction measurements from the participants suggested a possible edge effect on the friction of the 
samples. Silicone-based probes were also employed for friction measurement of the texture 
samples to identify friction mechanisms as well as confirm the magnitude of the effect of sample 
edges on total friction.   
Keywords: skin friction; tactile perception; texture discrimination 
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1 Introduction 
Tactile discrimination of textures involves differentiating surfaces by processing information 
received through touch, likely involving complex interactions with surface parameters such as 
roughness, hardness, slipperiness and warmth of the surface. This is relevant because the sense of 
touch has been shown to be superior to vision for discriminating surfaces, especially of finer 
textures [1]. Early studies involving discrimination tasks focused on finding texture height 
detection thresholds and corresponding neural events for a single raised dot, and noticed that the 
detection thresholds decreased with an increase in the dot diameter [2], [3]. In a discrimination 
task involving two dot patterned surfaces, the difference in the dot spacing of the surfaces was 
proportional to the discriminative performance [4]. In fact, in a discrimination study involving 
gratings of different roughness scales, the spatial period was found to be the most relevant 
dimension for texture discrimination [5]. These studies were quite informative in identifying the 
dimensions that were important during a discrimination event, however they were limited to only 
two types of macro-scale textures (gratings and dot patterns). Discrimination tasks were also used 
to compare the texture perception ability of blind and sighted observers [1], [6]. Miyaoka et al. 
measured the discrimination thresholds for fine textured surfaces (sandpapers and gratings as 
stimuli) and proposed that the perceived roughness amplitude of the surfaces was used for tactile 
discrimination [7]. A more recent study showed that wrinkled surfaces with feature amplitudes as 
low as 13 nm could be successfully discriminated from blank surfaces, and proposed that the 
perceptual dimensions involved could be related to the coefficient of friction and the wavelength 
of the wrinkles [8]. The literature strongly suggests that topological information about the surface 
of the texture dictates differentiability of the textures. However, the ability to discriminate between 
different textures with respect to the size of the texture sample has not been thoroughly explored. 
One of the challenges in investigating tactile perception with a goal of understanding fundamental 
parameters affecting tactual communication, is that many studies have an emphasis of either pure 
cognitive science, or on tactile deficits in an engineered product resulting from a design 
requirement or materials change. There has not been a significant amount of work done to bridge 
the difference in paradigms. However, there have been some efforts to explore this field. Mylon, 
et al. published a comprehensive review of the work done in medical glove design with some 
discussion of the tactile impacts for the wearer [9]. On the other hand, there has been a great deal 
of work done in the field of skin friction, but the results thus far have shown that it is difficult to 
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directly predict skin friction unless a number of parameters are controlled such as anatomical 
location, skin preparation, sliding motion, as well as many other parameters. An excellent 
summary of this literature was done by Derler, et al. [10]. The knowledge collected in these works 
is vital for understanding the connection between fundamental tribological phenomena and tactile 
perception, as is the goal of this work. 
In this study, the authors aimed to determine the effect of sample area of micro-scale textures on 
the tactile differentiability of those textures, and investigate the role of friction on the ability to 
make such a determination. With this objective, a perception measurement experiment was 
conducted in combination with friction measurement using participants’ fingertips. Friction 
measurements were also made for two silicone probes sliding against the stimuli used in the 
perception and finger friction measurement experiments. Topological analysis of the textures 
surfaces complemented the results from the experiments in order to better understand the factors 
that impact tactual discrimination.  
2 Experimental Methods 
2.1 Stimuli 
This paper refers to the second of two different classes of textures: a) macro-scale textures, which 
involve patterns that can be viewed without magnification and often have repeating patterns (e.g., 
dots, ridges, grids, etc.); and b) micro-scale textures, which involve elements that are not readily 
visible without magnification, and are often distributed without a fixed pattern. This is a distinction 
proposed by the researchers to clearly described textures encountered in tactual applications. The 
current study was focused solely on micro-scale textures. Three fine grit abrasive papers of grits 
P800, P1200 and P2500 (as specified by the Federation of European Producers of Abrasives, 
FEPA) were used as the texture samples in this study. In a previous study, these three grit abrasive 
papers, when provided in 78 x 90 mm sheets to the participants in a sequential manner, were clearly 
differentiated from each other (mean probabilities of detecting a difference were 0.93, 0.93 and 
0.71 for P800-P1200, P800-P2500 and P1200-P2500 pairs respectively). An extensive surface 
analysis of the abrasive papers can be found in a prior work by the authors [11], with the main 
difference being the mean size of the abrasive particles for each FEPA grade and the resulting 
surface roughness. The average roughness (Ra) ranged from 6.00 µm (P800) to 4.22 µm (P1200) 
to 4.05 µm (P2500), and exhibited no evidence of directional orientation or macro-scale 
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periodicity. Scanning Electron Microscopy (SEM) (FEI Quanta 250 Field SEM) was used to verify 
that the maximum particle dimensions of the abrasive papers were in agreement with the FEPA 
standard grain sizes (21.8 µm, 15.3 µm and 8.4 µm respectively for the P800, P1200 and P2500 
grits). Circular samples of each of the three abrasive paper grits of three different diameters, 38.1 
mm, 9.5 mm and 3.2 mm, respectively, were used for both the perception and friction experiments. 
The three sample diameters will hence forth be referred to as ‘large’, ‘medium’ and ‘small’ sizes 
respectively. Figure 1 shows the large, medium and small samples of P800 grit textures.  
 
Figure 1. Circular samples of the abrasive paper grit P800 of the sizes (a) Large, (b) Medium and (c) Small. Scale bar 
was shown to give an estimate of the relative sizes of the samples. 
In order to prepare the texture samples of different sizes, one of the adhesive sides of double sided 
adhesive sheets (Silhouette, 8.5-inch by 11-inch) was adhered to the back of the abrasive papers 
and circle punches (EK tool punches) were used to punch out the circular samples. This process 
enabled producing circular samples with consistent size and layer thicknesses (of abrasive and 
adhesive layers) across all sample sizes for all the abrasive grits. The sample diameters were 
verified by using a digital microscope (Dino-Lite Basic AM2111) and found to be within ± 0.1 
mm. SEM was used to ensure that the punched edges were well formed and consistent among 
samples. The texture samples were attached to smooth paper which in-turn was attached to a 
rectangular magnetic film by using a double sided tape. Texture samples of the same size were 
presented to the participants in pairwise combinations for the perception and friction 
measurements. For each size, there were 6 pairwise combinations of the abrasive papers (3 same 
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pair and 3 different pair combinations). Each combination in-turn was repeated 4 times in a 
randomized order over the size and pairs tested, resulting in a total of 72 measurements (3 sizes x 
6 combination x 4 repetitions) per each task (perception and friction) for each of the participants.  
The sample pairs were attached to the substrate with a constant gap size of 40 mm between the 
samples for all of the three sizes. The pair of texture discs mounted on the magnetic substrate 
constituted a complete sample pair for a particular test run. The magnetic backings were of three 
different sizes (large, medium and small) corresponding to the three different sized abrasive 
samples as shown in Figure 2.  
 
Figure 2. (a) Large, (b) Medium and (c) Small sample configurations for the abrasive grit pair P1200-P2500 
corresponding to the large, medium and small abrasive sample. Different sized paper and magnetic sheets used for 
each can be seen.   
2.2 Test subjects 
A total of 23 subjects (12 male and 11 female) participated in the perception and human friction 
measurement experiment. The participants were recruited through convenience sampling (i.e. from 
the personal and professional contacts of the researchers, and from participant responses to the 
electronic and paper advertisements, and referral sampling). All the recruitment methods were 
approved by the review board of the authors’ institution. All participants were above the age of 
18, and all were right-handed. The subjects participated in a perception measurement task 
immediately followed by a friction measurement task. The participation in the study involved two 
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60-minute sessions per participant and the participants were allowed to schedule each of the study 
sessions either on the same day or different days according to their convenience. The full study 
was conducted over a period of 2 months. At the beginning of each session, the experimental 
procedures were explained to the participants, and they were given an option to stop the experiment 
at any point. All participants completed both sessions. To minimize the effect of the oils, sweat 
and wear debris from the skin, participants were instructed to clean their hands using alcohol wipes 
(CVS Isopropyl Rubbing Alcohol 70% Wipes) before the beginning of the perception and friction 
experiments and also periodically throughout the course of the experiments. All testing was 
conducted in a temperature controlled laboratory at a room temperature of 22 °C. The relative 
humidity was measured to be approximately 30%. Fingertip moisture as well as finger size may 
play some role in friction. They were not directly measured in this study, but it is likely that the 
role of these attributes is secondary to the texture and size effects of the tactile samples used in the 
study. 
2.3 Perception measurement   
The setup for the perception experiment was similar to the one used in the previously cited work  
which involved a visual barrier that precluded the test subject from visual observation of the 
surfaces being queried [11]. During the perception measurement task, participants were seated 
across a table from the researcher. An opaque screen with a curtained opening enabled the 
participants to access the texture samples without obtaining any visual cues about the nature of the 
samples. The perception measurement involved a discrimination task and employed a two-
alternative forced choice technique, with the two stimuli being presented with a fixed physical gap. 
This is in contrast to the previous work, where the pairs of textures for comparison were given to 
the evaluators sequentially in time, one after the other. For each comparison, the magnetic backing 
sheet with the test stimuli pair was placed on a thin steel support plate (150 mm X 50 mm X 0.7938 
mm) and was presented to the participant. The participants were asked to hold one corner of the 
steel support plate with the non-dominant hand and swipe the index finger of the dominant hand 
from left to right at a steady pace along the length of the paper surface to assess the circular abrasive 
paper stimuli. After a maximum of two swipes, participants were asked to inform the researcher if 
the two textures were determined to be the same or different. The participants were instructed to 
use any sliding angle as per their comfort except 0° or 90°, and they were instructed to keep the 
sliding angle and the sliding speed as consistent as possible for all the comparisons. The sliding 
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angle was visually observed by the investigators to be between 30°-45° for all the participants. 
Applied normal load during this study was not measured because of concerns that the 
instrumentation would interfere with the perceptive tasks, however the participants were instructed 
to attempt to use the same normal load in the friction measurement phase of the study (described 
in the next section). Therefore, a reasonable estimate of normal load during the perception studies 
was collected. 
Oval raised guiding dots were placed on the center of the left and right edges of the steel support 
sheet to help the participants move their finger in a straight line passing through the centers of the 
circular textured (abrasive paper) samples. Figure 3 shows the arrangement which was used to 
present textures to the participants. The same steel support plate was used for all 72 comparisons 
with the appropriate magnetic sheet changed for each comparison. Further, each sample pair was 
discarded after every two repetitions to minimize the effect of wear of samples on perception. That 
is, a total of 36 magnetic sheets (12 large, 12 medium and 12 small) were used per participant for 
the perception task. Each test subject assessed all 72 comparisons. 
	
Figure 3. Large size P1200 – P1200 abrasive grit pair sample configuration. The steel support plate with raised guide 
dots at the ends was used to hold the magnetic sheet.  
2.4 Human finger friction measurement 
The same texture sample configurations used in the perception measurement test were used for the 
friction measurement test.  A steel support plate (152.4 mm X 101.6 mm X 4.8 mm) was attached 
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to a three-axis force transducer (Kistler 9254), and for each measurement, a magnetic sheet with 
the appropriate sample pairs was placed on the steel plate. The participants were asked to use a 
sliding motion of the index finger pad of the dominant hand from left to right at a steady pace 
similar to the one used in the perception task, and at a similar sliding angle with two consecutive 
swipes. The normal and shear forces during the swipe were recorded using a data acquisition 
program (LabVIEW) at a data sampling rate of 1000 Hz. Similar to the perception measurement 
experiment, each magnetic sheet with a sample pair was discarded after two repetitions. Another 
key component of fingertip friction is the roughness of the fingertip ridges and its relative value 
compared to surface roughness. Individual fingertip roughnesses of each participant were not 
measured in this study, however it has been shown that the fingertip roughness is relatively 
consistent among various people with similar demographic attributes. A more thorough discussion 
of fingertip roughness and its impact on friction mechanisms can be found in previous work 
published by the authors [9].	
2.5 Synthetic probe friction measurement 
A smooth silicone sphere and a silicone finger replica were also used to evaluate effect of the size 
of the texture samples on the friction behavior in a material other than skin. A multi-axis tribometer 
(Rtec Instruments) was used to conduct the friction measurements with both the silicone probes. 
A 150 mm x 150 mm x 6.4 mm steel plate was attached to the motion controlled platform of the 
tribometer which allowed for the X-direction (left to right) and Y-direction (front to back) motion 
of the steel plate. The magnetic sheets with the appropriate abrasive paper sample configuration 
were placed on the steel plate for each measurement. A two-axis 10 N load cell capable of 
measuring friction and normal forces, respectively, of 10 ± 0.001 N was attached to the friction 
arm of the tribometer. A 6.4 mm-diameter coated aluminum shaft with a threaded end attached to 
the load cell was used to hold the silicone probes. At the beginning of each measurement, the 
silicone probe was brought in contact with the surface of the sample backing until the load cell 
detected an initial normal force of 1.5 N and then the test was run with the ‘Z’ (normal) position 
of the probe held constant throughout the measurement. This load was somewhat lower than those 
employed in the human subjects testing in order to ensure stability in applied load during the tests. 
Because of the softness and structural compliance of the fingertip replica, automated load control 
poses challenges when friction is present.  The swipe began with counterface motion from right to 
left. Sliding speed was constant for all measurements and was set at 10 mm/s. The shear and normal 
	 9	
loads were recorded during the swipe using a custom program and the data was sampled at the rate 
of 1000 points per second. After each test the finger replicas and spheres (below) were visually 
inspected to ensure that they were not damaged by the counterface.	
The silicone sphere (High-temperature silicone rubber ball, McMaster-Carr) was 25.4 mm in 
diameter and had durometer hardness of 51 Shore A. The stimuli configuration for the friction 
measurements with the silicone sphere was same as the one used in the perception and the human 
friction measurements (two circular abrasive paper samples in pairwise combinations with a fixed 
distance of 40mm between them). The sliding length was 130mm, 100 mm and 80 mm respectively 
for the large, medium and small sample configurations. For the silicone sphere, 72 friction 
measurements corresponding to 4 repetitions each of 6 pairwise combinations of the abrasive 
papers with three stimuli sizes were obtained in a randomized order. The silicone sphere was 
rotated every 12 measurements such that a new surface was in contact to minimize the effect of 
wear of the sphere’s surface on the friction measurements. 3mm radial holes were drilled into the 
silicone sphere allowing the threaded end of the aluminum shaft to snugly connect. The holes were 
drilled at different locations on the surface of the sphere to accommodate for the rotation.   
The silicone finger replica was modeled after the right-hand index finger of one of the 
investigators. The negative of the finger was captured in an alginate mold (Alja-Safe, Smooth-On 
Inc.) and was used to cast a silicone finger replica with a tin-cure silicone rubber (Soft 107 Shore 
A, MPK Enterprises). The resulting topology closely mimicked that of an actual finger down to a 
high-fidelity reproduction of the fingerprints. This was vital for the study because there is some 
evidence that the fingerprint ridges have a significant impact on friction. The cured silicone finger 
had a durometer hardness of 5 Shore A. For the friction measurements with the silicone finger, 
only one abrasive paper sample was affixed to the printing paper. The circular samples were 
attached such that the stimulus’ surface began at 75mm from the edge of the paper. The sliding 
lengths were 125mm, 105 mm and 95mm respectively for the large, medium and small sample 
diameters. For the silicone finger, 72 friction measurements corresponding to 8 repetitions each of 
3 abrasive paper grits with three stimuli sizes were obtained. To minimize the effect of the wear 
of the finger replica on friction, a new silicone finger replica was replaced after every 12 
measurements and a total of 6 replicas were for the entire test. The silicone finger replicas were 
cast with a 5.8mm cylindrical hole through them and a 63 mm long bent aluminum shaft with 
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bending angle of 120° was used to connect the silicone finger to the coated aluminum shaft. This 
configuration held the silicone finger replicas at a sliding angle of 30°. Figure 4 shows the silicone 
sphere and silicone finger probes with their corresponding stimuli configurations.  
	
Figure 4. Silicone probes attached to the 10N load cell of the tribometer with the samples attached to movable platform. 
(a) Silicone sphere and it’s corresponding sample configuration two circular abrasive papers (P800–P1200 grit pair), 
(b) Silicone finger replica fixed at a sliding angle of 30° and the corresponding sample configuration with once circular 
abrasive paper (P1200 grit). 	
3 Results and Discussion 
3.1 Perception results 
The perception measurement experiment was conducted to determine the effect of decreasing the 
stimuli size on the ability to differentiate between various stimuli. The participant response data 
was analyzed by fitting the data to a logistic regression model using statistical analysis software 
(SAS, Statistical Analysis System). The data was assumed to follow a binomial distribution and 
the procedure assumed fixed block effects for each subject and then fixed effects for the sample 
size and texture pair used. Bayesian analysis methods were used for fitting the logistic regression 
model and the mean probabilities of differentiating a given texture pair were obtained through an 
iterative procedure. The results of the perception measurement experiment are shown in Figure 5.  
Finger replica 
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Figure 5. The effect of sample diameter on the mean probability of perceiving a difference (p) between two abrasive 
paper grits for all the 6 grit-pairings tested. The dashed line at p=0.5 indicates the probability of perceiving a difference 
by purely random choice. In some cases a perceived difference was reported when the sample pair consisted of two 
identical textures.   
A thorough breakdown of different perception scenarios and their indication of bias is reported in 
the previous work by the authors [11]. The following is a brief summary of that information. The 
perception results fall into one of three categories: 
1. Perceptually unbiased, where the participant perceives a difference between the texture 
samples purely by random choice and the mean probability p = 0.5. 
2. Capability of perceiving a difference, where the participant correctly identifies different 
texture samples as different and the mean probability p in that case would be 0.5 < p ≤ 1. 
A given sample pair was reliably discriminated when the mean probability p was at least 
0.7.  
3. Capability of perceiving sameness, where the participant correctly identifies the same 
textures samples as same and the mean probability p in that case would be 0 ≤ p < 0.5. A 
given sample pair was reliably identified when the mean probability p was less than 0.3. 
From the results of the perception measurement it can be seen that, of the three different-grit pair 
combinations tested, only the P800 – P2500 pair was reliably discriminated at any size (large, 
medium or small). The reliable discrimination (mean probability of perceiving a difference was at 
least 0.7) was present for all three sizes tested, even though for the small size the mean probability 
value at 0.71 suggests that it was just at the threshold for reliable discrimination. The mean 
probability of discrimination thus decreased with decrease in the sample size. On the other hand, 
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for the P800-P1200 pair the mean probabilities were similar to that of random choice at the large 
and medium sizes and at the small size, where the participants were biased towards perceiving 
both the grits as identical. For the P1200-P2500 grit pair, the mean probabilities at all sizes were 
close to that of random choice. Based on these results, it is reasonable to state that the size change 
had little effect on P1200-P2500 grit pair comparison, but was considerable for the P2500-P800 
grit pair comparison. 
All of the same-grit pairs (i.e., P800-P800, P1200-P1200, P2500-P2500) were reliably identified 
as similar at the large and medium sizes (mean probability of perceiving a difference was at the 
maximum 0.3). However, the mean probabilities indicate an element of random choice at the small 
size for these three same-grit pairs. This is intriguing because it suggests evidence for a lower 
threshold of sample size that precludes reliable discrimination of the textures. It may also indicate 
that the perception of the disks’ edges may play a large role in discrimination when the edge 
interaction becomes such a large component of the overall sample contact. Overall, the mean 
probabilities of perceiving a difference for a given grit pair were similar for the large and medium 
samples and markedly different from those of the small samples except for the P1200-P2500 grit 
pair, indicating a general decrease in the ability to either reliably differentiate the different grit 
sample or reliably identify the same grit samples with decrease in the size of the abrasive samples.  
3.2 Human friction results 
To investigate the potential roles of texture area and sliding friction on tactile discrimination, the 
friction and normal forces were measured for all the participants as they slid their index fingers in 
similar conditions to the perception measurement. Figure 6 shows representative friction and 
normal forces versus sliding time in a single measurement for large, medium and small sample 
configurations of P2500-P800 grit pair for one of the participants. The results of previous work 
suggested that differences in the mean coefficients of finger friction between the grits could be 
indicative of the differentiability of surfaces through tactile perception [11]. It was observed in 
these measurements that there was a high variability among participants in terms of applied normal 
load and sliding speed. This could even be observed for the same participant during the test, which 
became challenging for the analysis. The magnitude of this variance was somewhat unexpected 
because it is in contrast with the observation by Smith et al. where participants adjusted normal 
forces to a constant value for optimal exploration of surface features [12]. Human fingertip friction 
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coefficient is complex variable known to be influenced by multiple factors including the applied 
normal load [13]–[15] and sliding speed [16], [17]. Further, it is also important to take into 
consideration the effect of differences in mechanical properties of the skin among the participants 
on the finger friction [18]. Taking all of these factors into consideration, it became evident in this 
study that using differences in the mean coefficients of friction for different abrasive grits could 
lead to inaccurate conclusions. A decision was made to analyze the trends in the data to see if any 
consistent phenomena could be elucidated.  
Figure 6 Variation of the shear (a,b and c) and normal (d, e and f) forces with sliding time for  P2500-P800 grit pairs 
during a single swipe for one of the participants. Large, Medium and Small samples are displayed from left to right, 
respectively, in the figure. The dotted ellipses indicate contact with P2500 grit, while the dashed ellipses are for the 
P800 grit.	
In general terms, the friction force during a swipe exhibited two distinct peaks corresponding to 
the encounter with each of the two textured samples. A lower friction region corresponding to 
sliding against the paper substrate outside of and between the textures, was also generally 
observed. The friction force curves for the medium and small samples looked similar and were 
different from those of the large samples. For the large sample configurations, the peaks 
corresponding to the texture regions consisted of a sharp initial spike followed by a decline and 
settling to a relatively constant value for rest of the texture’s surface. On the other hand, for the 
medium and small configurations, the friction forces exhibited a sharp increase followed by a sharp 
decrease, with the peak being much sharper for the small sample configuration. A small number 
of participants produced friction data that was too noisy to identify distinct peaks in the small 
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sample configuration. These data suggest that fingertip friction was dependent on two competing 
mechanisms, the first was the physical topology of the texture and the second was the effect of the 
edges of the samples. The particular balance of these two phenomena look to be dependent upon 
the length of texture that was available to the finger to surveil. This is exhibited by the two 
extremes of sample size – large and small. The friction of the large texture samples looks to have 
been most strongly influenced by the topology of the surface, while the edge characteristics of the 
disks played a more dominant role in the friction of the small samples. In the case of the medium 
sample size, there was less evidence for a dominant role played either by size or edge effects. 
Because of the pronounced effect of the edges in the small samples, it is hypothesized that edge 
effects outweigh topological frictional cues such that evaluators had significant trouble in 
discriminating between different textures at this size. This behavior is borne out by the nearly 
random chance probability of correctly identifying small identical textures as such, shown in 
Figure 5.	
3.3 Topological Examination 
Based on the human finger friction results and the possible evidence of the influence of the edge 
height, scanning electron microscopy (SEM) imaging of prepared texture disks was performed to 
determine the edge height for each of the abrasive paper grits. Figure 7 shows the micrographs for 
each of the texture grits. The mean edge heights of the prepared P800, P1200 and P2500 grit disks 
were measured to be 148 µm, 119 µm and 114 µm respectively. These measurements indicate that 
edge heights are well above thresholds of human perception, and correlate well with the large 
spikes in friction that are observed when the fingertip encounters the disk edge. This strengthens 
the argument that edge effects play a large role in tactile discrimination for small samples; however 
it would be necessary to run similar experiments with no topological edge feature in order to 
thoroughly investigate this. Achieving a smooth transition from a smooth substrate to textured area 
is empirically very challenging, and was beyond the scope of this work. However, it does raise 
important questions about perceptive capabilities as size is decreased.  
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Figure 7 SEM micrographs of the edges of texture disks made from each of the abrasive papers (a) P800, (b) P1200, 
and (c) P2500. All images were obtained using back scattered electron detection with 85° tilt. 
3.4 Silicone Probe Results 
To address subject-to-subject variation exhibited in the human fingertip study, and to obtain more 
repeatable normal forces, two silicone probes – a silicone sphere and a silicone finger replica – 
were used to measure friction force using the same texture sample sizes as in the perception and 
human friction experiments. For both the probes, the shape of the friction force curves with respect 
to sliding times were similar to those observed in human friction measurements for all the three 
sizes. The details specific to each configuration are reported below. 
The normal force at the start of sliding was set at 1.5 N for all the measurements. As the sphere 
slid along the length of the sample surface, there was change in the surface height as the probe 
encountered the textured disks. This resulted in some minor load fluctuation due to challenges in 
using automated control with very small loads and a compliant probe. However over the range of 
loads recorded, friction force showed an almost linear relationship to instantaneous normal load 
for different texture grits and sample sizes tested (large, medium and small) as shown in Figure 8. 
This indicates that a standard definition of coefficient of friction could be used as a reasonable 
means of normalizing data for comparison within the range of normal loads encountered in this 
study.  
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Figure 8 Variation of the friction force of the silicone sphere with the normal load for the small size samples of P800, 
P1200 and P2500 grit abrasive papers.  
As in the perception and fingertip friction experiments, each test run involved the sphere being 
slid against the paper substrate with two texture disks affixed. This resulted in a total of 16 
measurements for each of the different sized texture samples, half of which involved the particular 
grit texture encountered as the first disk, and half when the grit was the second encounter. This 
was done to maintain as much fidelity to the earlier experiments as possible. It was observed that 
there was no variation in the coefficients of friction whether a particular texture was encountered 
first or second by the probe. Figure 9 reports the mean friction coefficients for each of the size-grit 
combinations. As shown, the mean coefficient of friction for the P800 grit was significantly 
different from that of P1200 and P2500 grits at the large and medium sizes, and but not very 
different at the small size. There was a small difference in the friction between P1200 and P2500 
grits at the sizes tested, with the medium grit producing the lowest friction coefficient. This agrees 
with the previous work by the authors on fingertip friction, which showed that friction coefficient 
was lowest for mid-range grit sizes. It was hypothesized that this was due to the grit being rougher 
than surfaces where adhesion dominates friction, yet less rough than surfaces were macro-scale 
interlocking with surface features begins to drastically increase friction [11]. Comparing the 
current silicone sphere results with the perception measurement data, these results bolster the 
hypothesis that the P800 is differentiated from the P2500 based on the difference in the friction 
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experienced by the evaluator. However, this effect looks to become less pronounced as the grit 
sizes become closer and sample sizes get smaller. This further suggests that significant differences 
in the coefficient friction alone might not indicate differentiability of two textures through 
perception, and that other factors such as the edge effects may become dominant in some cases. 
For all the three sample grits, the mean coefficients of friction at large and medium sizes were 
measured to be different from those at the small size. It is not likely that there are fundamentally 
different friction mechanisms between these sizes, and so it may be that the effect of the edge 
spikes again had a more profound effect on the measured frictional force for the small samples. 
This points out a limitation in the friction measurement techniques used in this study, but it also 
hints at what may be responsible for the small-texture-sample data in the perception study. No 
significant difference in the mean coefficients of friction was found between large and medium 
sizes for any of the abrasive paper grits. Comparing with the perception data for same-grit pairs, 
this decrease in the absolute value of the coefficient of friction with sample size combined with 
the insignificant differences in the coefficient of friction values between the grits at small size, 
may have made it hard for the participants to decide which abrasive grits were identical and which 
ones were not, especially so for P1200 and P2500 grits, which were harder to differentiate between, 
even at larger sizes. This could possibly explain the decrease in perceptive ability to reliably 
identify the same grit pairs of the two finer grits.  
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Figure 9. Mean coefficient of friction of the silicone sphere sliding against the various size-texture combinations. The 
values between the large and medium disk sizes are fairly consistent, however somewhat higher than for the small 
disks.  
For the silicone finger replica, a normal force of 1.5 N was set for the onset of sliding. Results of 
pre-tests showed a stabilization of normal load approximately 40mm from the starting point of 
sliding, due to lateral flexing of the replica in the opposite direction of the sliding. Therefore 
normal load was applied and the replica slid across this distance of substrate before encountering 
the texture disks. Due to some variation in the surface heights between the substrate and sample 
disks, the normal load exhibited some small variation in magnitude. There were a total of 8 
measurements for each size-grit combination. In contrast to the spherical probe, the friction force 
for the replica experiments did not have a strong linear correlation to normal load. This is intriguing 
because it suggests that either sample geometry (sphere vs. fingertip) or surface features (smooth 
vs. ridged), or both, are coming into play in terms of affecting friction. There is a difference in the 
base silicone material between the two probes, but it is not likely that a different material in the 
same class would cause the friction coefficient to change from a linear to non-linear relationship. 
It appears most likely that the bulk shape or surface ridged fundamentally changed the relationship 
between applied normal load and true contact area. This would explain how similar micro-level 
friction mechanisms such as adhesion would manifest differently at the macro-scale. Figure 10 
shows the mean coefficient of friction (averaged over the sliding distance) categorized by size and 
texture grit. 
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Figure 10. Mean coefficient of friction of the silicone finger replica over the three sample sizes for the P800, P1200 
and P2500 grits.  
As shown in the figure, the mean coefficient of friction for the P800 grit was clearly higher that of 
P1200 and P2500 grits at the large and medium sizes, and but not at the small size. Closer 
examination shows that the friction behavior is somewhat different than that observed with the 
silicone sphere in other ways, as well. Firstly, the general magnitude of friction coefficient is larger 
for the replica geometry than the sphere. This tends to support the hypothesis that true contact area 
is different between the two silicone geometries. Secondly, the mid-range grit does not yield the 
lowest friction as was witnessed with the sphere. In the large and medium samples sizes, the 
friction coefficient clearly decreases as grit number increases (equivalent to a decrease in 
roughness). The results from the small samples do not follow this pattern. One possible explanation 
for this behavior is that due to the potentially different contact geometry between the sphere and 
replica, the influence of the disk edges may not be consistent for the two. 	
4 Conclusions 
This study investigated the effect of texture and sample area on tactile differentiability of three 
fine-grit abrasive papers and the role of friction in perception. The following conclusions can be 
made from the results of the study: 
1. The mean probabilities of evaluators correctly perceiving a difference for a given pair of 
textures were similar for the large and medium sample sizes across grits. The 
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discrimination results from the small samples indicated a significant decrease the in the 
tactile differentiation ability of the participants with the decrease in the size of the samples. 
At the small sizes, evaluators did no better than random chance at determining if the pairs 
of textures where the same or different from each other. 
2. The friction force curves from the human friction measurement indicated that the friction 
force values were influenced by the surface topography as well as the edge properties of 
the abrasive samples. The influence of the sample edge effects increased with the 
decreasing size of the texture samples, and suggests that the edge zone plays a greater role 
than friction in the ability to perceive tactile differences between small texture areas.   
3. Silicone sphere friction measurement data revealed that the coarsest grit – P800 – had a 
significantly higher friction coefficient than the other two sample grits. This supports the 
hypothesis that friction plays a significant role in tactile discrimination at large and medium 
sample sizes. However, edge effects made friction measurements questionable for the 
smallest sample areas, and thus suggests that perceptive judgement may also be subject to 
errors in perceived friction due to edge effects. 	
5 Acknowledgements 
The authors would like to acknowledge the Generational and Age Related Disabilities program 
within the Engineering Directorate of the National Science Foundation (Grant no. 1262797) for 
financial support of this investigation.	
6 References 
[1] M. Heller, “Texture perception in sighted and blind observers,” Percept. Psychophys., vol. 45, pp. 
49–54, 1989. 
[2] R. H. LaMotte and J. Whitehouse, “Tactile detection of a dot on a smooth surface: peripheral neural 
events,” J. Neurophysiol., vol. 56, no. 1109, 1986. 
[3] R. S. Johansson and R. H. Lamotte, “Tactile detection thresholds for a single asperity on an 
otherwise smooth surface,” Somatosens. Mot. Res., vol. 1, no. 21–31, 1983. 
[4] G. D. Lamb, “Tactile discrimination of textured surfaces: psychophysical performance 
measurements in humans,” J. Physiol., vol. 338, pp. 551–565, 1983. 
[5] J. Morley, A. Goodwin, and I. Darian-Smith, “Tactile discrimination of gratings,” Exp Brain Res, 
vol. 49, pp. 291–299, 1983. 
[6] F. Alary, M. Duquette, R. Goldstein, C. Elaine Chapman, P. Voss, and V. La Buissonnière-Ariza, 
“Tactile acuity in the blind: a closer look reveals superiority over the sighted,” in some but not all 
cutaneous tasks. Neuropsychologia 47, 2009, pp. 2037–2043. 
[7] T. Miyaoka, T. Mano, and M. Ohka, “Mechanisms of fine-surface-texture discrimination in human 
tactile sensation,” J. Acoust. Soc. Am., vol. 105, pp. 2485–2492, 1999. 
[8] L. Skedung, M. Arvidsson, J. Y. Chung, C. M. Stafford, B. Berglund, and M. W. Rutland, “Feeling 
Small: Exploring the Tactile Perception Limits,” Sci Rep, vol. 3, 2013. 
	 21	
[9] P. Mylon, R. Lewis, M. J. Carré, and N. Martin, “A critical review of glove and hand research with 
regard to medical glove design,” Ergonomics, vol. 57, no. 1, pp. 116–129, Jan. 2014. 
[10] S. Derler and L.-C. Gerhardt, “Tribology of Skin: Review and Analysis of Experimental Results for 
the Friction Coefficient of Human Skin,” Tribol. Lett., vol. 45, no. 1, pp. 1–27, Jan. 2012. 
[11] G. P. Chimata and C. J. Schwartz, “Tactile Discrimination of Randomly Textured Surfaces: Effect 
of Friction and Surface Parameters,” Biotribology, vol. 11, no. Supplement C, pp. 102 – 109, 2017. 
[12] A. Smith, G. Gosselin, and B. Houde, “Deployment of fingertip forces in tactile exploration,” Exp 
Brain Res, vol. 147, pp. 209–218, 2002. 
[13] S. Derler, L. C. Gerhardt, A. Lenz, E. Bertaux, and M. Hadad, “Friction of human skin against 
smooth and rough glass as a function of the contact pressure,” Tribol. Int., vol. 42, pp. 1565–1574, 
2009. 
[14] T. H. C. Childs and B. Henson, “Human tactile perception of screen-printed surfaces: Self-report 
and contact mechanics experiments,” Proc. Inst. Mech. Eng. Part J J. Eng. Tribol., vol. 221, no. 3, 
pp. 427–441, 2007. 
[15] S. E. Tomlinson, R. Lewis, and M. J. Carré, “The effect of normal force and roughness on friction in 
human finger contact,” Wear, vol. 267, no. 5–8, pp. 1311–1318, 2009. 
[16] S. Pasumarty, S. Johnson, S. Watson, and M. Adams, “Friction of the Human Finger Pad: Influence 
of Moisture, Occlusion and Velocity,” Tribol Lett, vol. 44, pp. 117–137, 2011. 
[17] O. S. Dinç, C. M. Ettles, S. J. Calabrese, and H. A. Scarton, “Some Parameters Affecting Tactile 
Friction,” J Tribol, vol. 113, p. 512, 1991. 
[18] X. Liu, “Understanding the effect of skin mechanical properties on the friction of human finger-pads 
(doctoral thesis),” The University of Sheffield, 2013. 
 
 
